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(54) Title: METHOD FOR THE PRODUCTION OF AN MCFC ELECTROCHEMICAL CELL 
(57) Abstract 

Method for the production of an electrochemical cell consisting of an anode and cathode separated by an electrolyte^ontaining 
matrix. With this method electrolyte is melted into the green cathode at elevated temperature to improve the stability thereof and thereafter 
the cell is combined and then heated. With this method the cathode can consist of two or more layers or can have been produced, starting 
from a mixture, by casting a tape which consists of a mixture of lithium cobaltite and carbonate. Melting-m of the electrolyte material 
takes place by heating in a furnace. 
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Method for the production of an MCFC electrochemical cell 

Tbe present invention relates to a method according to the precharacterising clause of 

Claim 1. . . _ 

5. A method of this type is disclosed in EP 0 509 424 A-2. A cathode conststtng of two 

layers is described in PCX application PCT/NL 95/00306 in the name of the Apphcant 
(European Application no. 95930058.3). A cathode of this type is produced by placmg said 
two layers on top of one another in the green state, for example by tape casting, and then 
combining the green cathode together with the other green components of the cell and 
,0 heating. With this arrangements a matrix plate is present between the anode, and cathode and 
the electrolyte material is introduced into the matrix plate in the cell in some way or other 

during start-up. . , , n 

Although an electrochemical cell of this type has an excellent performance, « has been 

found that problems arise during the start-up phase. In particular, during initial heaung the 
15 strength of the cathode is inadequate to provide for continuous contact pressure agamst die 

matrix plate. This is caused, inter alia, by the reduction in thickness of the cathode dunng dus 

start-up. This reduction in thickness can be, for example, 25 %. 

The production of a green tape consisting of a mixture of cathode and electrolyte 

constituents is described in European Application 0 509 424. The green tape is combmed 
20 with at least one other green tape, which comprises the anode, and heated. Melting of 

carbonate into the electrode will take place in the first part of the heating curve and at lugher 

temperatures sintering takes place. 

It has been found that this type of method of combination also offers inadequate 
guarantees for strength in respect of the tape in which the cathode is incorporated to prov.de 
2 5 for continuous contact with the matrix plate. 

The aim of the present invention is to prevent the disadvantages described above. 

This aim is achieved with a method as described above by means of the charactensmg 
features in Claim I . 

In contrast to EP 0 509 424, in the case of the invention the electrolyte is introduced 
30 into the sreen. i.e. unsintered. cathode material in a separate step. Such introduction can take 
place at "elevated temperature, but this temperature is lower than the temperature at winch 
sinterina takes place. A value of 500-C for melting-in and a value of 950-1 050-C for 
sinterina may be mentioned by way of example. A sintered structure containing pores ,s no, 
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produced during the first-mentioned treatment. Combination with other (green) components 
of the cell takes place only thereafter, preferably only after cooling of the cathode provided 
with electrolyte to room temperature. 

The method described above imparts adequate strength to the cathode to enable the 
latter to be placed against the matrix with adequate contact force during start-up. The 
reduction in thickness that is detected during start-up is appreciably restricted, as will be 
illustrated in more detail below with the aid of the examples. 

The green cathode described above can be any cathode known in the prior art 
According to a first variant, the cathode comprises a tape in which the carbonate 
(electrolyte) material has been incorporated. This tape is preferably produced by using a 
mixture of lithium cobaltite and carbonate particles as the starting material. This is in contrast 
to what is described in PCT application 94/18713, in which the starting material is cobalt 
particles which oxidise in the cell. Structural modifications, which have consequences for the 
pore size distribution, are found to take place as a result of this oxidation. This is avoided by 
using lithium cobaltite powder as the starting material. 

According to a further advantageous embodiment, the cathode consists of a structure of 
at least two layers. These layers are placed on top of one another in the green state, after 
which melting-in of electrolyte takes place. These layers can be a layer based on lithium 
cobaltite and a layer containing (semi-)noble metal particles. An example thereof is a layer 
containing nickel particles and the last-mentioned layer will be directed towards the separator 
plate or current collector during use and is primarily of importance because of the 
conductance, whilst the layer based on lithium cobaltite is designed more in order to allow 
the cathodic reaction to proceed in an optimum manner. 

In the latter case the method is carried out under oxidising conditions. If a tape in which 
the nickel layer is already present is used as the starting material, the method is carried out 
under a reducing atmosphere and during this procedure the electrolyte can optionally be 
applied as a tape. 

Another possibility is that an electrolyte tape is applied to the cathode. The electrolyte 
tape consists of electrolyte and the electrolyte and binder are melted into the green cathode 
under elevated temperature. This process can take place under reducing conditions. In this 
case also the product thus obtained is not sintered. Sintering takes place later, either in a 
separate step or after combining the assembly in the electrochemical cell with anode and 
other components. In this context it is possible to allow the (semi-)noble metal-containing 
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(semi-)noble metal-containing tape only an 

iayer based on lithium cobaltite. ^ ^ rfwo examples. 

The invention vritl be explained m more detail belo 

Example 1 / ^ bv mixing together LiCo0 2 powder, ethanol 
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Consequently, it is possible to guarantee continuous contact between cathode and other parts 
of the electrochemical cell during the warm-up phase. No cracking was found, whilst if the 
fuel gas and oxygen are then supplied and the cell is taken into operation, the performance 
does not differ from the performance of a fuel cell as described in PCT application PCT/NL 
5 95/00306. The various aspects are illustrated with the aid of Fig. 2, where a simulation of the 
fuel cell with a surface area of 3 cm 2 obtained in this way was carried out. For this purpose 
use was made of so-called "simulated system conditions". The values recorded do not differ 
substantially from those recorded for the cell in the PCT application described above. 

It has been found that despite the better yield the cathodes produced in this way have to 
10 be supported during transport because of the brittleness thereof. Example 2 below was carried 
out in order to prevent this problem. 

Example 2 

The starting material used in this example is a green double tape, that is to say a tape 
15 consisting of two layers, in this case a layer of lithium cobaltite and a layer of nickel particles. 
The LiCoCfe tape is obtained in the manner described above. 

A nickel suspension is then cast on top of this using the tape casting technique. The 
nickel suspension is obtained by mixing nickel powder, methylcellulose, Tween, TBP and 
ethanol. After some time demineralised water is added and the mixture is stirred for half an 
20 hour. 

After a green double tape has been obtained in this way, an electrolyte tape consisting 
of a mixture of Li 2 Co0 3 , Na 2 C0 3 and K 2 CO, is applied thereto. The electrolyte tape is placed 
on the lithium cobaltite part of the double tape. Melting-in of the electrolyte then takes place, 
that is to say electrolyte moves from the electrolyte tape to the LiCoO, layer as a result of 
25 heating under a reducing gas atmosphere to just above the melting point of the electrolyte 
500 »C. Heating takes place for 30 minutes. Ultimately the electrolyte penetrates not only into 
the L1C0O2 layer but also into the nickel layer. 

Cooling to room temperature then takes place. The electrolyte solidified in the cathode 
-mparts strength to the cathode and protects the LiCoC, against reduction during start-up in 
the fuel cell. Because the green LiCoCVNi tape is placed with the nickel side against a 
current collector when applying the electrolyte tape, said current collector can give ihe 
package that is thus obtained strength during subsequent transport and contact between the 
nickel layer and the current collector is optimised. 
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♦w urvr cell described on the basis of Example 1. 
From rh.se two examples and d* orh P ^ ^ ^ q{ fc 

skilled in me art that numerous vanauons are poaarble wrttrou g 
inverrdon as described in rhe appended claims. 
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1. Method for the production of an MCFC electrochemical cell, comprising the 
provision of an anode and green cathode combined as an assembly and separated by a matrix 
5 plate with electrolyte, based on carbonate, as well as a separator plate, the electrolyte being 
introduced into the green cathode and the part thus obtained being combined with the anode 
and heated, characterised in that the introduction of electrolyte into the cathode comprises 
melting-in at elevated temperature. 

2. Method according to Claim 1, wherein, after melting-in at elevated temperature, the 
part thus obtained is cooled to room temperature before combining with the other 
components of the cell. 

3. Method according to one of the preceding claims, wherein a tape comprising a 
mixture of lithium cobaltite and carbonate is provided. 

4. Method according to one of die preceding claims, wherein said cathode comprises at 
1 5 least two layers, a layer based on LiCoOa and a layer containing (semi-)noble metal particles, 

wherein said layer containing (semi-)noble metal particles is directed towards said separator 
plate and the electrolyte is melted into said UC0O2 layer. 

5. Method according to Claim 4, wherein the electrolyte is melted into the green layer 
based on LiCo0 2 , after which the green layer containing (semi-)noble metal particles is 

10 applied thereon. 

6. Method according to Claim 5, wherein the introduction of electrolyte is earned out 
under oxidising conditions. 

7. Method according to Claim 4, wherein a green cathode consisting of at least two 
layers is provided* into which the electrolyte is introduced and wherein the layer containing 

5 (semi-)noble metal is placed against the separator plate/cuirent collector, after which the 
assembly is combined. 

8. Method according to Claim 7. wherein the introduction of electrolyte takes place 
under a reducing atmosphere. 

9. Method according to one of the preceding claims, wherein the electrolyte comprises 
3 a mixture of carbonates containing at least U2C0O3. 

10. Method according to one of the preceding claims, wherein said (semi-)noble metal- 
containing particles comprise nickel. 
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